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Visual Cues Provide Keys to Driverless Velhicles 

Daniel Raviv believes that the best 
way to improve highway safety might 
just be to take drivers out from behind 
the wheel. 

Raviv, a professor of electrical 
engineering at FAU, notes that it takes 
humans 1/5th of a second to respond to 
an impending collision or similar 
emergency. But when a computer - 
guided by a video camera - is at the 
controls of a vehicle, reaction times are 
reduced to as little as 1/3Oth of a second. 

2-D Visual-Cues-Based Active Navigation 

As part of the U.S. Department of 
Transportation’s multimillion-dollar Intelligent 
Vehicle/Highway System program, Raviv and his 
colleagues at FAUand the National Institute of 
Standards and Technology (NET) have 
developed technology that has been used to 
control a driverless Army HUJMVEE safely at 
speeds of up to 45 miles per hour. 

At the core of this-seemingly improbable 
process, referred to as “active vision,” is the 
study of “relevant visual cues,” Raviv explains. 
“When dealing with a moving observer (for 
example, a camera), a huge amount of visual 
information is captured. In these projects, we are 
extracting relevant visual information from a 
sequence of images and using it as part of 
feedback control loops. In other words, we are 

Welcome to Research Report 
The Ofice of 6raduate Studies and 
Research is pleased to send you this 
inaugural issue of the FAU Research 
Report, a monthly publication to inform 
faculty, the University community and the 
general public about the quality and scope 
of research activities at the University. 
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refining all of the information viewed by the 
camera into a small set of relevant characteristics 
that the computer needs to control the motion of 
the vehicle. ” (See illustration.) 

“We have taken a theoretical approach to 
understanding the basics of active vision,” Raviv 
continues. “This formal, mathematical 
development of visual fields provides a 
quantitative scientific basis for understanding the 
relationships between optical-flow-based cues in 
the moving eye and the environment through 
which it moves. ” Understanding these 
collectively, he says, enables researchers to put 
driverless vehicles on the road. 

Two key control concepts developed by the 
FAU and NIST researchers are the “tangent 
point” and “visual looming. ” 

Unlike other studies that attempt to f’md out 
as much information as possible about the road 
itself in order to control vehicles, Raviv’s 
research determined that the only road feature 
necessary for road following is the “tangent 
point” - the point on the road edge lying on an 
imaginary line tangent to the road edge that 
passes through the camera. The camera 
provides a flowing optical image of the road 
edge and the center line, supplying the data that 
the on-board computer requires to steer the 
vehicle as it moves along the road. 
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Beyond merely keeping a vehicle on track of 
course, comes the need to avoid collisions by 
braking, speeding up and steering. These 
functions are guided by the concept of “visual 
looming” - a principle that relates to the ways 
that animals’ instinctive defense mechanisms lead 
them to behave when threatened. 

The theory of visual looming, which was 
developed by FAU researchers, describes the 
time-based expansion of objects in the image 
plane viewed by the 
camera. In other 

Defense interest in developing unmanned ground 
vehicles, an Army HUMVEE was provided for 
the FAU/NIST road test. Within four months, 
Raviv notes proudly, the vehicle - outfitted with 
the necessary camera, computers and control 
equipment - successfully drove autonomously 
on an NIST track in Maryland. Tests took place 
during the day, at night, and under rainy 
conditions. 

“The machine is a far better driver than 
human beings 

I froma 
words, visual looming 
determines the rate at 
which an image is 
being approached by 
*or is approaching the 
vehicle carrying the 
camera. Information 
drawn from these 
observations is 
mathematically 
analyzed by the on- 
board computer and 
then translated into 

Proposed Upgrade of the Electric Car 

responses that enable the vehicle to avoid 
imminent collisions. Current research on this 
concept by Raviv and others at FAU is exploring 
ways to differentiate other vehicles from less 
relevant background information. 

These basic explorations of active vision have 
been funded by the National Science Foundation 
under the direction ofDr. Howard Morti As 

mechanisms similar to those used on the Army 
vehicle (see illustration). The project’s next 
stages involve further work with visual looming 
and its applications to “pla.tooning” (several 
vehicles closely following one another, as in a 
military supply convoy or between major cities 
on a highway), expanding the camera’s view to 
the back and the sides, and incorporating 
information from road signs. 

. 
the results began to show promise, Department 
of Transportation funding became available to 
put the theories into practice. 

In addition, Because of Department of 

~ repeatability 
~ point of view,” 

Raviv notes. 
In order to 

continue this 
research using 
the facilities of 
the Robotics 
Center at FAU, 
the research team 
has outfitted an 
electric golf cart 
with control 

The day is not far away, Raviv believes, when 
“our cars will know where: to go without driver 
intervention. ” 

Florida Atlantic University Research Highlights 
o The Advanced Marine Systems (AMS) Program in the Ocean Engineering Department, in partnership 

with the University of South Florida, has received two grants (for $2.5 million and $9.8 million) from 
the Department of Defense. 

o FAU is concluding a cooperative relationship with the South Florida Water Management District. 
The agreement has provisions for cooperative research activities, a shared research facilities 
agreement and the delivery of graduate programs to the District. 

Florida Atlantic University Research Report is a publication of the Office of Graduate ! 
Dean John T. Jurewicz welcomes your suggestions and comments at (407) 

ADM 4066 
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By KIRK SAVILLE 
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BOCA RATON - Daniel Raviv is de- 
veloping a set of eyes for the back of his 
head. 

The lzlorida Atlantic University pro- 
Fcssar is working on a sort of computer- 
ized eye. The dcvicte sameday ceuhi heip 
the bfind avoid obstacles, help control 
driverless ctws or help guide industrial 
mbots. 

Pedestrians could even wear 11 to iet 
fhem know what was going on beW# 
their backs, Raviv said. 

The Nationai Science Foundation gave 
Raviv a $%O.NHl grant to develop the de- 
vice. As far as grants gu, %3MOO isn’t a 
lot uf money. But R&y’s grant is de- 
signed For high-risk rwecmh. 

“They know the payoffs could be big,” 
Raviv said. “But they know it could fail.” 

But Raviv da<!sn’t expect to fail. He’11 
spend the next year designing a comput- 
er chip that can make his smaH artificial 
eye work. Me hopes the device could be 
produced for as little as $10. 

The NSF grant is the highest form of 
support from the federal government. 
&an& are jud;ged against competitors 
From ati over the country. “It’s very 
prestiglaus,” said Craig Hartley, dean of 
the college of engineering at FAU. “It%; 
one of the: marks of the quality of the re- 
search and the university.” 

Raviv has long worked an developing 
a driverless car, and the tomputerized 
eye is an offshoot of that resC?art&. 

PLEASE SEE EYL /4& 

When peapi< are driving along 
fnterstate 85, ffJr example. they. 
receive tremendous amounts ot 
information, Drivers see trees, 
signs, buildings and other people. 
But all that information is re- 
ducted by the brain to a coupfe of 
crucial pieces of information: 
how close you are to the ear in 
front of gou and how fast you’re 
approaching the car. 

“Who dares if it’s a Mercedes 
or Lexus, the important thing is 
haw fast youYe approaching,” 
Raviv said. 

The blur system alIows the 

~omputw chip to disregard et’- back of the car to warn of a vehi- 
erytbing but the distance between 
the camera lens and the object in 

cfe approaching too fast. 
f rant. i3hc.f peoptc might aXso be able 

to use the system to warn them of Raviv sees plenly af usf?s for obstacleP 
his device. Pn addition to being . . 
used to control the speed of a car, “‘Right now, the most efficient: 
the d&m could be put in the device is the s&k,” Raviv mid, 



FAU’s car 
would do 
the drivi I 

RESEARCH 
project in the 
August issue sf Transacticrns on 
Systems, Man and Cybernetics, 3 
journal of the Institute of Ehxtri- 
cd and Electronics E-ngineers. 

A videocamera on the frmt of 
the HUMVEE sends images to 3 
cotnputcr., which determines how 
she I-HJMVEE should rqmnd. It 
feactS to 313 impending catlision 
or other cmergcncy six times fas- 
fer than 3 human. said Kavis. 
Human response time is one- 
t?fsh of tt seuond. For tfy cgm- 

putcr, is’s 
one-rhit-fieth of 3 secand, 

The computer makes judg- 
ments through principks of 
*‘viSusl looming.“” As ubjccts 
befurs. the camera grow or 
sh~rititc, the computer figures 
haw r3pidl-j Lf1e changes 3re 
rsqhi-ihg’ &rid speeds, up, slays; 
dawn “m stbpi accoidingly: Pco- 
pie drive the Same way, but pro- 
cess the infofmarion more 
slowly, rPaviv said. 

The W...MVEE has been 
tested at a 

. National 
institute of 
Standards 
and ‘Tech- 

nology track in Maryland, 
Raviv mid. Now the research- 
en are figuring out how to 
make the cm able ts weave in 
and out of tramc. 

Bcfare cars with autamatic 
pilot make it arrro interstate 95, 
he says, xxnething trickier than 
tech nicat issues must be 
resof ved - who’ll be IegaIly tia- 
ble for where tht car goes? 
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Vetronix’s Crash Data Retrieval System 

Donald J Felicella, ACTAR, Felicella Consulting Engineers, Inc. 

INTRODUCTION 

General Motors vehicles equipped with air bags that were manufactured between 1990 and 1993 

have a unit called a Diagnostic and Energy Reserve Module (DERM). One of the functions of the 

DERM is that it records a limited amount of data at the time of a deployment event. In 1994 General 

Motors air bag systems started utilizing a Sensing and Diagnostic Module (SDM). This device was 

able to compute and store the change in the longitudinal velocity of the vehicle during an impact. 

The SDM receives data from the vehicle’s Powertrain Control Module (PCM) once a second 

regarding the vehicle’s speed, engine speed and percent of throttle. Currently the SDM’s do not sense 

lateral accelerations or forward longitudinal accelerations which may result frorn a rear impact. 

In 1990 Vetronix developed the first Event Data Retrieval Unit (EDRU) to be used internally by 

General Motors. Vetronix was awarded the exclusive contract from General Motors in 1999 to 

develop a Crash Data Retrieval (CDR) system for use by both GM and the aftermarket. The CDR 

system has the availability to download data from the involved vehicle in an easy-to-read graphical 

and tabular format. The retrievable data includes vehicle’s speed, state of warning light indicator, 

throttle position, engine RPM, brake switch circuit status, time from algorithm enable to deployment 

command, status of the front passenger’s air bag suppression switch, and post crash data. 

VETRONIX EQUIPMENT 

The CDR unit from Vetronix consists of a CDR Interface Module, various cables, software, and 

power supply connections. The data can be retrieved by either connecting under the vehicle 

dashboard into the DLC jack or connecting direct into the air bag control module. 

TYPE OF DATA 

The data is compiled into two categories or events “near deployment events” and “deployment 

events.” A near deployment event is one which is sever enough to “wake up” the vehicle’s sensing 

algorithm but not enough to cause the air bag(s) to deploy. The typical predictive algorithm must 

make air bag deployment decisions within 15-50 msec after impact. The SDM can store up to one 

near deployment event which will be overwritten by an event that has a greater recorded velocity 

change. A deployment event will contain Pre-Crash and Crash data. The SDM will store up to two 



different Deployment Events if they occur within five seconds of one another. Once the air bag has 

been deployed, the data cannot be overwritten or cleared. The SDM must be replaced. 

CASE STUDIES 

The following are examples of cases involving a vehicle supported by the CDR system in which the 

data was utilized: 

1999 Chevrolet Corvette: 

This crash involved a 1999 Chevrolet Corvette which was traveling at a high rate of 

speed. The driver swerved to avoid other traffic and lost control of the vehicle, rotating 

approximately 55 degrees, leaving tire surface marks for approximately 177 feet prior to 

striking the curb and becoming airborne. The vehicle traveled approxirnately 34 feet 

prior to striking a tree 1.5 feet higher then takeoff. The driver received fatal injuries. 

This investigation has been completed by the governing police agency. However, the 

investigating officer and an accident reconstructionist are currently analyzing the 

evidence along with calculating the vehicle’s speed during this event. Upon completion 

of such analysis, they will then do a comparison of the calculated speeds and the data 

from the SDM. 

The data from the SDM indicated that the vehicle’s throttle went from 100 percent at -5 

seconds to 0 percent at -2 seconds during which time the vehicle’s speed increased from 

106 MPH to 122 MPH respectively and the engine RPM’s went from 4736 to 5248. The 

SDM also revealed that at -2 seconds the brake switch status went to the on position. 

The last data recorded at -1 seconds was 82 MPH with a RPM reading of 2624. 

1999 Chevrolet Camaro 228: 

This case involved a 1999 Chevrolet Camaro 228. The vehicle was found abandoned 

and on fire in a remote parking lot. The vehicle also had damage to the right rear fender 

area from striking some round object. The police made contact with the registered owner 

of the vehicle who then reported it stolen. During the investigation, it was found that the 

vehicle was equipped with an anti-theft micro chip key. This is a special key that has a 

micro chip attached to it which is programed into the vehicle’s ignition system. State 

Fire Marshals determined that the vehicle had intentionally been set ablaze. Even though 



the vehicle was a total loss due to the fire, the Sensing and Diagnostic Module (SDM) 

was intact and was removed from the vehicle. The data retrieved from the SDM 

indicated a “Near Deployment Event” and an “Ignition Cycle” number. The SDM also 

indicated that the vehicle’s Brake Circuit Status was “On” and recorded a speed of zero 

mph. 

An investigation was able to find a “witness” to the crash who confirmed that the vehicle 

apparently was traveling on a wet roadway at which time the driver loss control and 

applied the brakes skidding into a tree. The driver then fled the scene. 

The data from the SDM supported these facts, the vehicle’s speed was recorded as zero 

mph with the brake circuit status as “On.” It also indicated that there was an Ignition 

Cycle registered by the SDM supporting that a key was used. The ignition lock assembly 

was examined and found that the Vehicle Anti-Theft System (VATS) wiring which 

contained the contacts were present and did not show any signs of tampering. 

The police investigation found that only two people had keys to the involved vehicle, the 

owner’s mother whose actions were accounted for and the owner, who was on probation 

and did not possess a valid driver’s license. The police confronted the owner with 

information they were supplied with from the SDM. The owner eventually confessed to 

the crime. 

The data from the SDM helped the local State Attorney’s Office in the successful 

prosecution in this case. 

2000 Oldsmobile Alero 2-Door Coupe: 

This crash involved a 2000 Oldsmobile Alero 2-Door Coupe which was sideswiped by 

a motorcycle causing the driver to take evasive action and lose control veering off of the 

road and then striking a wooden utility pole. The question was “What was the impact 

speed at the utility pole. 7” A post crash inspection revealed that there was 1.5 feet or 18 

inches of maximum crash damage to the involved vehicle. These measurements were 

used to manually calculate an impact speed with the pole utilizing three different energy- 

based equations. A comparison was then made with the data retrieved frolm the vehicle’s 

Sensing and Diagnostic Module (SDM) and the calculated impact speed. 



FORMULA 1: V = DG.062W) * (1 +AE) 

Where: V = impact speed in feet per second (fps) 
D = maximum crush in feet 

W = weight of a vehicle in lbs. 

AE = increase or decrease in energy absorbed in crushing the vehicle 
upon impacting a wooden utility pole 

Calculated speed: 2 1.8 1 fps or 14.88 mph 

FORMULA 2: V=BPO+BPl* CRM 

Where: V = Pre impact speed in mph 
BP0 = Speed at which no crush is expected 
BP1 = Slope of speed versus crush 

CRM = Maximum crush (inches) 

Calculated speed: 13.64 mph 

FORMULA 3: EBS = 1.30 * Cmax - 6.0 

Where: EBS = Equivalent barrier speed 
1.30 = Consent for small front wheel drive vehicles 

Cmax = Maximum crush in inches 

Calculated speed: 17.4 mph 

SDM: Data from the vehicles SDM indicated a speed of 14 mph. 

METHOD SPEED 

Formula 1 14.8 mph 

Formula 2 13.6 mph 

Formula 3 17.4 mph 

SDM 14 mph 
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